Repeat colonoscopy in 10 years after a normal screening colonoscopy is recommended in an average-risk patient, and it has been proposed by American Gastroenterological Association (AGA), American College of Gastroenterology (ACG), and American Society for Gastrointestinal Endoscopy (ASGE) as a quality measure. However, there are little quantitative data about adherence to this recommendation or factors that may improve adherence. Our study quantifi es adherence to this recommendation and the impact of suboptimal bowel preparation on adherence.
INTRODUCTION
Colonoscopy is the primary modality for prevention of colorectal cancer (CRC) per multisociety guidelines ( 1 ) , and the cost eff ectiveness of CRC screening with colonoscopy is primarily dependent on high-quality baseline examination and adherence to guideline recommendations for timing of repeat screening colonoscopy ( 2 ) . Of course, guideline recommendations are not followed in every patient and endoscopists do not always recommend 10-year intervals aft er a normal screening colonoscopy in an average-risk patient ( 3 -5 ) . However, endoscopists ' adherence to these guideline recommendations will come under close scrutiny very soon.
Currently, endoscopists are asked to simply report diff erent quality indicators, such as cecal intubation or adenoma detection rate, to Centers for Medicare and Medicaid Services (CMS) through the Physician Quality Reporting System (PQRS). CMS proposed a new quality measure for the 2013 PQRS: frequency of recommending repeat colonoscopy in 10 years aft er a normal
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colonoscopy in an average-risk patient ( 6 ) . When endoscopists report this and multiple other quality indicators, they receive a small bonus in Medicare payments. By 2014, failure to report will result in a reduction in Medicare payments. However, this system does not account for the actual quality of performance of colonoscopy; it only requires reporting of quality indicators. It does not adjust payment for services based upon successfully meeting numeric thresholds for quality indicators (e.g., cecal intubation in > 95 % of colonoscopies for CRC screening). However, by 2015, a value-based quality index is to be enacted where endoscopists ' success at achieving multiple quality indicators will be quantifi ed and payments for colonoscopy will be adjusted based on this to-be-determined formula.
What should be the threshold for recommending a 10-year interval aft er a normal screening colonoscopy? Over 80 % of cases? Over 90 % ? Quantifi able data will be needed to set appropriate numerical thresholds. Also, one purpose of quality indicators is to improve performance, and hence it is important to identify factors associated with suboptimal performance that can be addressed through quality improvement programs.
Lack of knowledge about guideline recommendations is not an issue based upon survey studies ( 5,7 ). However, endoscopists vary from guideline recommendations when the bowel preparation is suboptimal and they are concerned that adenomas could be missed. Th is is an understandable concern. Compared with " fair " or " suboptimal " bowel preparation, " excellent " or " optimal " bowel preparation improves identifi cation of polyps ( 8 -11 ) . Based on survey studies using hypothetical patient scenarios and photographs of bowel preparation, increasingly shorter intervals for repeat colonoscopy are recommended for worse categories of bowel cleansing ( 12, 13 ) . Although this refl ects " self-reported " practices and may be prone to response bias ( 14 -16 ) , it supports the rationale that quality of bowel preparation aff ects adherence to guideline recommendations ( 17 ) .
Th e aim of our study is to quantify frequency of adherence to recommending repeat colonoscopy in 10 years aft er a normal screening colonoscopy in an average-risk patient and to assess the impact of bowel preparation quality, demographic factors, and procedural factors on adherence to guideline recommendations. We hypothesize that fair bowel preparation is highly associated with recommendations to repeat colonoscopy sooner than 10 years.
Methods

Study design .
Th is is a retrospective database study supplemented by chart review from the Ann Arbor Veterans Aff airs Health Care System (VAHCS) in-hospital endoscopy suite, the University of Michigan in-hospital medical procedure unit, and two University of Michigan out-patient ambulatory surgery centers (Livonia, MI and Ann Arbor, MI). Medical records of consecutive average-risk patients ≥ 50 years old undergoing colonoscopy for CRC screening between 1 January 2009 and 31 December 2009 were reviewed. Th ese dates preceded institution of PM / AM split-dose bowel preparation protocols in 2010, and hence these data refl ect outcomes with PM -only bowel preparation protocols. Inclusion criteria were average-risk outpatients referred for CRC screening colonoscopy without any polyps identifi ed during colonoscopy. Subjects were excluded for: concurrent gastrointestinal (GI) symptoms (i.e., one of the indications for colonoscopy was listed as anemia, overt or obscure GI blood loss, abdominal pain, diarrhea, unexplained weight loss, and so on); family history of CRC; personal history of CRC, colon polyps, hereditary CRC syndrome, infl ammatory bowel disease; detection of any colon polyps during colonoscopy, detection of mucosal abnormalities during colonoscopy that required biopsy, or incomplete colonoscopies (i.e., failure to visualize the appendiceal orifi ce and cecum). Patients with follow-up recommendations for " Barium Enema " or " Discontinue due to age " were also excluded. Institutional Review Board approval was obtained at the Ann Arbor VAHCS and University of Michigan before study initiation.
Protocol for bowel preparation and definition of bowel preparation quality . If the laxative was polyethylene glycol, HalfLytely, MoviPrep, NuLYTELY, or TriLyte, the patients were instructed to follow the Food and Drug Administration (FDA)-approved instructions for consuming the bowel preparation using a PM -only protocol. For MiraLAX / Gatorade, patients took two tablets of bisacodyl between 12 PM and 6 PM and followed 4 h later by consumption of 238 g of MiraLAX mixed in 64 oz of Gatorade.
Bowel preparation quality and other endoscopic data were reported via the ProVation Medical Systems v.42 and v5.0 (Wolters Kluwer Health, Minneapolis, MN) at the Ann Arbor VAHCS and University of Michigan endoscopy sites, respectively, using the Aronchick scale that categorizes bowel cleansing as follows: excellent: > 95 % of mucosa visualized; good: 90 -95 % of mucosa visualized, fair: 80 -90 % of mucosa visualized, and poor: < 80 % mucosal visualization ( 18 ) . We collapsed excellent and good categories for simplicity because the clinical importance of 90 -95 vs. > 95 % visualization of the mucosa is unclear.
Endoscopist recommendation intervals . Data on the endoscopists ' recommendation for follow-up screening colonoscopy were abstracted from patient colonoscopy report forms. Recommendations consistent with guidelines were defi ned as followup in 10 years for excellent, good, or fair bowel cleansing or ≤ 1 year if bowel preparation quality was rated poor ( 2 ) . Although guidelines published in 2009 or earlier do not specifi cally recommend the appropriate interval for repeat colonoscopy aft er poor bowel preparation ( 2 ), they do state that follow-up colonoscopy should be scheduled at a " prompt, " " a relatively short interval " , and " within 6 months " ( 19 -22 ) . We believe this common-sense approach was understood by the vast majority of endoscopists practicing in 2009 and that they would not consider it appropriate to recommend repeat screening colonoscopy at intervals > 1 year aft er poor bowel preparation in an average-risk patient referred for CRC screening with colonoscopy. In fact, the 2012 multi society guidelines now specifi cally recommend repeat colonoscopy in ≤ 1 year aft er poor bowel preparation ( 23 ) . Failure to provide a recommendation for repeat screening colonoscopy was also considered inconsistent with guideline recommendations as endoscopists are required to make this recommendation as part of reporting in PQRS.
Subject and procedure data . Data were collected on age, gender, body mass index, race / ethnicity, concurrent narcotics and tricyclic antidepressant usage, presence / absence of diabetes, type of bowel preparation agent used, whether a GI fellow participated, endoscopists ' categorization of procedural diffi culty, and cecal intubation. Specifi c endoscopist characteristics were not collected because of privacy issues raised by our institutional review board that stated that all endoscopists would need to provide informed consent even if they no longer practiced at the University of Michigan as collection of these data might be used to retrospectively assess these endoscopists.
Statistical analysis . Bowel preparation quality was categorized as excellent / good, fair, or poor. Recommendation appropriateness was a dichotomous variable: consistent with guideline recommendations vs. inconsistent with guideline recommendations. Th e χ 2 tests and Student ' s t-tests were used to assess study population diff erences based on bowel preparation quality and based on whether or not their recommendation was consistent with guidelines. A saturated multivariate logistic regression model was used to determine independent predictors of receiving a recommendation inconsistent with guidelines. Database management and statistical analysis was performed using SAS 9.2 (SAS Institute, Cary, NC).
Results
Demographic data . Between 1 January 2009 and 31
December 2009, 4,527 out-patient colonoscopies were performed for an indication of " average-risk " and " screening " at the Ann Arbor VAHCS and University of Michigan. Aft er applying exclusion criteria, 1,387 normal colonoscopies remained for analysis. Th ese 1,387 colonoscopies were performed by 56 diff erent gastroenterologists, excluding GI fellows. A total of 18 GI fellows participated in 18.7 % of these endoscopic procedures. Th e majority (89.7 % ) of procedures were classifi ed as technically " not diffi cult. " Th e mean age of the subjects was 56.7 ± 7.1 years; mean body mass index was 28.2 ± 5.7 kg / m 2 , and the subjects were predominantly Caucasian (77.6 % ) and male (50.9 % ). Demographic diff erences between groups based on preparation quality ( Table 1a ) and recommendation type ( Table 1b ) are provided.
Follow-up recommendations for repeat colonoscopy .
Recommendations that were inconsistent with guidelines were given in 23.9 % (332 / 1,387) of average-risk patients with a normal screening colonoscopy ( Table 2 ). Preparations rated as excellent / good Factors associated with follow-up recommendations inconsistent with guidelines . Crude estimates for predictors of recommendations inconsistent with guidelines are given in Table 3 , whereas Table 4 demonstrates the eff ect of predictors aft er adjustment for all data collected. Bowel preparation quality with a rating of fair or poor was associated with an 18-fold and 2.3-fold increase in the odds of receiving a recommendation inconsistent with guidelines, respectively, along with age ≥ 70 (odds ratio = 2.2; 95 % confi dence interval 1.2 -4.1).
Discussion
Th is is the fi rst multicenter endoscopic database study to assess the impact of bowel preparation on endoscopists ' recommendations to repeat colonoscopy in 10 years aft er a normal CRC screening colonoscopy. In our study, recommendations inconsistent with guidelines were provided in 23.9 % of all cases, and fair bowel cleansing was strongly associated with inconsistent recommendations. Th ese fi ndings provide a starting point to establish an acceptable threshold for frequency of adherence to guideline recommendations as part of a quality improvement program and for development of national benchmarks by organizations such as CMS. Th ese data also suggest that interventions that increase the frequency of excellent / good bowel preparation may minimize recommendations inconsistent with guidelines. Our study methodology diff ers signifi cantly from previous survey studies because it refl ects actual practice, and is not infl uenced by response bias or the eff ect of a trial on endoscopists ' behavior (i.e., Hawthorne eff ect) ( 16, 24, 25 ) . Our study estimated that 75 % of patients with a fair cleansing were instructed to have a repeat colonoscopy in < 10 years compared with 15.3 % with excellent / good preparations. Th is is consistent with our pilot study ( 26 ) . In multivariate analysis, fair bowel cleansing was associated with an 18-fold increase of receiving a recommendation inconsistent with had the highest frequency (84.7 % ) of recommendations for repeat colonoscopy in 10 years. Of the preparations, 25 % rated as fair were recommended for repeat colonoscopy in 10 years. Preparations rated as poor had a high frequency (65.9 % ) of being recommended to have repeat colonoscopy in ≤ 1 year. guidelines compared with excellent / good bowel cleansing. Notably, 2012 multisociety CRC guidelines emphasize the importance of " adequate " preps that can identify polyps > 5 mm vs. " inadequate. "
In the future, the addition of " adequate " or " inadequate " to bowel preparation classifi cation will help determine if endoscopists provide recommendations consistent with guidelines.
Maximizing excellent / good preps may also maximize recommendations to repeat colonoscopy in 10 years aft er a normal screening colonoscopy. Th e PM / AM split-dosing of the bowel preparation increases the frequency of excellent / good bowel cleansing based upon current guidelines ( 2 ) and multiple randomized controlled trials ( 27 ) . Nevertheless, adoption of this standard has been gradual ( 28 ) , and many endoscopists continue to utilize PM -only bowel preparation protocols, possibly because of concerns that patients will be unwilling to rise early to complete the AM dosing of bowel preparation ( 29 ) . However, patients can be easily educated about split-dose bowel preparation ( 2 ) . Our data refl ect outcomes with PM -only bowel preparation. If an endoscopist frequently reports fair bowel cleansing and frequently recommends repeat colonoscopy sooner than 10 years aft er a normal screening colonoscopy, then converting to PM / AM split-dosing may be the most appropriate quality improvement intervention.
Our study has several potential limitations. Th is is a retrospective study that refl ects PM -only dosing of bowel preparation. Th ere may also be variability among physician reporting of bowel preparation quality that is not captured. Although a validated scale to assess quality of bowel cleansing, such as the Boston Bowel Preparation Scale, was not used, the nonvalidated Aronchick scale is used widely ( 18, 30, 31 ) , and this may enhance the generalizability of our results.
In conclusion, our study demonstrates that endoscopists make recommendations inconsistent with guidelines frequently aft er a normal screening colonoscopy. Fair bowel cleansing is the factor most commonly associated with recommendations inconsistent with guidelines, and hence institution of protocols to improve bowel cleansing may be appropriate for suboptimal performers.
